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Abstract  

Solid-state refrigeration and cooling technologies are important issues in modern society, with the increasing number of new energy sources and heat-
generating devices. Several promising technologies are under development such as magnetocaloric and electrocaloric cooling. The major advantage 
of electrocaloric cooling over the magnetocaloric cooling is in the fact that the high electric fields required are much easier and less expensive to 
generate than the high magnetic fields required for the refrigeration cycle. (Pb,La)(Zr,Sn,Ti)O3 (PLZST) is a promising candiate with unique field-
induced phase transitions between FE and AFE which possessed excellent electrocaloric effect. In this work, we report unusual double negative ECEs 
and coexistence of the negative and positive ECEs in PLZST single crystals. A negative ECE value of -3.6 °C and enhanced electrocaloric strength of 
0.3 K mm/kV have been obtained. The design strategy of having orthorhombic AFE and tetragonal AFE phase structures in one material in an 
appropriate temperature range is the key for these unusual effects. The double negative responses and the coexistence of the both negative and 
positive effects in one material are promising for next generation high efficient cooling devices. Our results will help people understand better the 
electrocaloric family, particularly on the negative and/or positive effect in antiferroelectrics and ferroelectrics. 
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                                                       Fig. 1. Polarization and electrocaloric effect in PLZST single crystal. 
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